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incorporated with graphene oxide nanosheets for
stir cake sorptive extraction of strongly polar
aromatic amines†
Xiaojia Huang,* Yong Zhang and Dongxing Yuan
In this study, poly(ethylene glycol dimethacrylate/graphene oxide) (EDMA/GO) monolith was prepared by
one-step in situ polymerization. The porous monolith was used for the first time as the sorbent of stir
cake sorptive extraction (SCSE) for the preconcentration of strongly polar aromatic amines (AAs) from
water samples. The effect of the content of EDMA and GO in the monolith on the extraction efficiencies
was investigated in detail. The sorbent was characterized by elemental analysis, transmission electron
microscopy, scanning electron microscopy and infrared spectroscopy. Analysis of polar AAs in
environmental water samples by a combination of poly(EDMA/GO)-SCSE and HPLC with diode-array
detection was selected as a paradigm for the practical application of the new sorbent. Under the optimal
conditions, the limits of detection (S/N ¼ 3.0) of the developed method for AAs ranged from 0.04 to
0.19 mg L1. Good reproducibility of the method was obtained as intra- and inter-day precisions, the
relative standard deviations (RSDs) were less than 4.0%. Finally, the proposed method was successfully
applied to the determination of trace AAs in environmental water samples. The recoveries of AAs spiked
in different matrices ranged from 74.2% to 105%, and RSDs of repeatability ranged from 1.6% to 9.6%.1. Introduction
Graphene oxide (GO) is a chemically modied graphene (GN)
sheet with a giant aromatic macromolecule containing reactive
oxygen functional groups on their basal planes and edges such
as epoxide, hydroxyl, and carboxylic acid.1,2 Owing to its unique
properties such as the ultrahigh specic surface area, hydro-
philic groups and p–p electrostatic stacking, GO shows prom-
ising applications in the eld of separation science and solid
phase extraction (SPE).3–7 The extraction using GO as adsorbent
can be carried out with a SPE cartridge4 or by dispersing GO in
sample solution followed by collecting the analyte-adsorbed GO
by centrifugation.5 However, the direct use of GO as SPE
adsorbent has several problems. Firstly, GO may undergo irre-
versible aggregation during the isolation from a homogeneous
solution. Secondly, GO can escape from the SPE cartridge,
especially under high pressure in on-line SPE. Thirdly, packing
of nanothickness GO into the cartridge format requires excel-
lent experimental techniques.al Science, Key Laboratory of the Ministry
system, College of the Environment and
9, Xiamen 361005, China. E-mail: hxj@
+086-0592-2189278
tion (ESI) available. See DOI:
16In order to circumvent the above-mentioned problems and
still hold the favorable advantages of GO, several methods have
been used to incorporate GO into a material (such as silica and
monolith) with suitable porous properties. Jiang et al. prepared
SPE adsorbent by covalently binding the carboxy groups of GO
to the amino groups of an amino-terminated silica (GO@
silica).8 Results indicate that the new GO@silica could be used
to extract small molecules of pollutants and biomolecules such
as proteins effectively. Furthermore, the employment of
GO@silica was more convenient than original GO. Feng et al.
also developed a hydrothermal reduction strategy for the
preparation of reduced graphene oxide-encapsulated silica
(SiO2@rGO).9 Compared with the incorporation of GO into
silica, embedding GO into porous polymer monolith is more
easy and effective. Porous polymer monolithic materials have
been accepted as a useful stationary phase for SPE and rapid
liquid chromatography.10–12 The outstanding advantages of
monolith include easy preparation, high porosity, fast mass-
transfer, diverse surface chemistry, pH-stability and good
biocompatibility. There are several studies incorporating GN or
GO into porous polymer monoliths and acting as adsorbents for
polymer monolith microextraction (PMME).13,14 The GN or GO
played a role in the extraction, but the extraction capacity of
PMME did not as high as expected because limited adsorbents
were used. Feng and Li et al. prepared a poly(ethylene glycol














































View Article OnlineThe composite was successfully used as the extraction coating
of stir rod sorptive extraction (SRSE) for the preconcentration of
polycyclic aromatic hydrocarbons (PAHs) from water samples.15
However, the operational procedure of SRSE was not as conve-
nient as expected. Therefore, to further exploit GO or GN in
sample pretreatment, it is necessary to develop extraction
format with simple operation and high extraction capacity. Stir
cake sorptive extraction (SCSE) is an improved format of stir bar
sorptive extraction (SBSE) which was developed in our
group.16,17 Compared with SBSE, the extraction medium
possesses excellent longevity because there is no friction loss of
extraction medium during stirring extraction. Furthermore, the
operational procedure of SCSE is very simple, and high extrac-
tion capacity can be obtained as more adsorbent can be utilized
in SCSE than PMME. Based on the SCSE device, a variety of
materials may be used as extraction medium to extract various
analytes.
In this study, porous poly(ethylene glycol dimethacrylate/
GO) (EDMA/GO) monolith was prepared by one-step in situ
polymerization. The new poly(EDMA/GO) monolithic material
was used as extraction medium of SCSE for strongly polar
aromatic amines (AAs) extraction. For comparison, a neat
polymer material in the absence of GO was also prepared in this
study. The effects of preparation conditions and extraction
parameters on extraction efficiency were investigated system-
atically. Under the optimal conditions, the poly(EDMA/GO)-
SCSE showed expected extraction performance for AAs due to
their strong p–p electrostatic interaction, hydrogen-bonding
and dipole–dipole interactions between carboxylic acid of GO
and amino groups of analytes. Based on this, an aromatic
amines detection method for water samples was proposed
based on the combination of SCSE and HPLC with diode-array
detection (poly(EDMA/GO)-SCSE-HPLC/DAD).2. Experimental
2.1. Chemicals and reagents
Ethylene glycol dimethacrylate (EDMA) (97%) was supplied by
Alfa Aesar (Tianjin, China); azobisisobutyronitrile (AIBN) (97%,
recrystallized before use), 1-propanol (97%), 1,4-butanediol
(98%) (distilled before use) were purchased from Shanghai
Chemical Co. (China); HPLC-grade acetonitrile (ACN) and
methanol were purchased from Tedia (Faireld, USA); water
used throughout the study was puried using a Milli-Q water
purication system (Millipore, USA). Aniline (A), p-methylani-
line (p-MA), o-nitroaniline (o-NA), o-chloroaniline (o-CA) and
3,4-dichloroaniline (3,4-DCA) were supplied from Alfa Aesar.
The other compounds used in the present study are analytical
reagents.
A standard solution of 100 mg mL1 of each aromatic amine
was prepared in methanol and renewed monthly. The standard
mixtures of ve aromatic amines were prepared by dissolving
2.00 mg of each compound in methanol in 100 mL volumetric
ask. The stock solution was stored at 4 C and diluted with
Milli-Q water to give the required concentration.This journal is © The Royal Society of Chemistry 20142.2. Instrumentation
The morphologies of monolith were examined by a Model XL30
scanning electron microscopy (SEM) instrument (Philips,
Eindhoven, the Netherlands) and transmission electron
microscopy (TEM) (JEOL 2011 microscope, Japan). Elemental
analysis (EA) was carried out on PerkinElmer (Shelton, CT, USA)
Model PE 2400. FT-IR was performed on an Avatar-360 FT-IR
instrument (Thermo Nicolet, Madison, WI, USA).
HPLC analyses were carried out on an LC chromatographic
system (Shimadzu, Japan) equipped with a binary pump (LC-
20AB) and a diode array detector (DAD) (SPD-M20A). Sample
injection was carried out using a RE3725i manual sample
injector with a 20 mL loop (Rheodyne, Cotati, CA, USA), all
experiments were performed at room temperature.2.3. Chromatographic conditions
The separation of aromatic amines was performed on a Supelco
C18 column (5 mm particle size, 250 mm  4.6 mm i.d.). The
mobile phase consisted of a mixture of 60% v/v ACN aqueous
solution. The detector wavelength was set at 205 nm; the ow
rate was 1.0 mL min1; and injection volume was 20 mL.2.4. Preparation of poly(EDMA/GO)-SCSE
GO was synthesized from natural graphite powder based on a
modied Hummers method.18 The resulting puried GO
powders were dispersed in water (the concentration was
1.0 mg mL1).
Typically, the preparation of poly(EDMA/GO)-SCSE includes
three steps. The rst step is the synthesis of poly(EDMA/GO)
monolithic cake. AIBN was used as polymerization initiator
(1% (w/w) of the total monomer amount) in the all polymeri-
zation reaction. Different GO, EDMA and porogen concentra-
tions were used for different poly(EDMA/GO) (Table 1). The
reactant mixture was mixed ultrasonically into a homogenous
solution then the reactant solution was purged with nitrogen for
5 min. Subsequently, the reactant mixture was poured into a
syringe cartridge (12 mm i.d.), one side of which was blocked by
the plug of syringe. Then, the cartridge was sealed with septa
and kept at 70 C for 24 h. Aer polymerization, the poly(EDMA/
GO) monolithic cake was pushed out slowly by the handspike of
syringe. The cake was Soxhlet-extracted with methanol for 24 h
to remove the residue EDMA, porogen and initiator. Finally, the
polymer was dried in air for 1 h to obtain the nal monolithic
cake (12 mm diameter and 3.0 mm thickness). In the second
step, extraction holder of SCSE was constructed. The detailed
construction process can be found in our previous study.16 Aer
the construction of extraction holder, the poly(EDMA/GO)
monolithic cake was inserted into the holder gently to get the
nal poly(EDMA/GO)-SCSE.2.5. Extraction and desorption mode
In this study, stirring extraction and stirring liquid desorption
(LD) modes were used. In the investigation of the effect of
polymerization parameters and extraction conditions on
extraction efficiency, 100 mL mixed solution including veAnal. Methods, 2014, 6, 1510–1516 | 1511
Table 1 Extraction efficiencies of different poly(EDMA/GO)-SCSE for A and p-MA
EDMA/GO
Polymerization mixture Peak area
EDMA (%, w/w) 1-Propanol (%, w/w)
1,4-Butanediol
(%, w/w) GOa (%, w/w) A p-MA o-NA o-CA 3,4-DCA
1 45 27.5 22 5.5 34 742 40 835 24 890 119 802 119 968
2 50 25 20 5.0 28 477 39 972 23 345 112 862 120 457
3 55 22.5 18 4.5 34 081 43 850 27 071 130 122 146 574
4 60 20 16 4.0 47 392 58 263 32 491 145 366 122 613
5 65 17.5 14 3.5 19 137 51 135 19 917 88 172 121 899
6 60 18 16 6.0 45 951 56 569 32 405 154 381 160 328
7 60 20 14 6.0 31 224 40 543 24 569 110 932 134 031
8 60 16 16 8.0 51 630 61 236 40 196 190 778 187 771
9 60 20 12 8.0 44 048 53 011 31 215 144 186 151 553














































View Article Onlinetarget compounds (100 mg L1 each) was used. The samples
were stirred with the prepared SCSE at 300 rpm at room
temperature. Aer the extraction, the poly(EDMA/GO)-SCSE was
removed and immersed in 3.0 mL desorption solvent, stirred for
a certain time to release the extracted analytes. The desorption
solution was used directly for HPLC/DAD analysis.Fig. 2 The effect of desorption solvent on extraction efficiency.
Conditions: extraction and desorption time were both 1.0 h, respec-
tively; no salt was added and the pH value of sample was not adjusted.
The spiked concentration of each analyte was 100 mg L1. Symbols:
A; p-MA; o-NA; o-CA; 3,4-DAC.3. Results and discussion
3.1. Preparation and characterization of poly(EDMA/GO)-
SCSE
The presence of polar groups such as hydroxyl, and carboxylic
acid in GO sheets improves solubility.19 Therefore, the GO can be
dispersed in water uniformly (Fig. S1A-a†), and no precipitation
was observed even aer storage for 2 weeks (Fig. S1A-c†). In order
to get a uniformmonolithic matrix, good dispersion of GO in the
polymerization mixture is required. The GO sheets without any
treatment were well dispersed in the mixture of 1-propanol and
1,4-butanediol via gentle ultrasonication (Fig. S1A-b†). The
dispersion was very stable and no agglomeration or precipitation
happened aer storage for 2 weeks (Fig. S1A-d†). Hereby, the
mixture of 1-propanol and 1,4-butanediol was select as porogen
solvent during the preparation of poly(EDMA/GO)-SCSE.
In order to obtain the best extractive performance of poly-
(EDMA/GO)-SCSE, the effect of the contents of GO, EDMA and
porogen solvent on extractive efficiency was studied in detail
(Table 1). The results show that the contents of GO play anFig. 1 (A) Photographs of poly(EDMA) monolith and poly(EDMA/GO) m
EDMA/GO) monolith at 5000 magnification.
1512 | Anal. Methods, 2014, 6, 1510–1516important role in the extraction performance of poly(EDMA/
GO)-SCSE. Considering the extraction performance, useful
longevity and the solubility of GO sheets in the polymeriza-
tion mixture, the optimized conditions for the preparation of
poly(EDMA/GO) monolithic cake were the proportion of
EDMA kept at 60% in the polymerization mixture, and the ratiosonolith, (B) TEM image of poly(EDMA/GO) monolith, (c) SEM of poly(-
This journal is © The Royal Society of Chemistry 2014
Fig. 3 The effect of pH value of sample matrix on extraction effi-
ciency. Conditions: extraction and desorption time were both 1.0 h,
respectively; no salt was added; methanol/water (v/v ¼ 90/10) as
desorption solvent. The spiked concentration of each analyte was
100 mg L1. The sample pH values were adjusted by 1.0 mol L1 HCl
and 1.0 mol L1 NaOH. The symbols were the same as in Fig. 2.
Fig. 4 The effect of ionic strength in sample matrix on extraction
efficiency. Conditions: pH value was adjusted to 9.0. The other
conditions and the symbols were the same as in Fig. 2.
Fig. 5 HPLC chromatograms of five AAs: (a) direct injection of spiked
water sample with each AA at 50.0 mg L1; (b) spiked water sample with
each AA at 50.0 mg L1 and treated with poly(EDMA)-SCSE; (c) spiked
water sample with each AA at 50.0 mg L1 and treated with poly(EDMA/
GO)-SCSE. Conditions: using methanol/water (v/v ¼ 90/10) binary
solution as desorption solvent; the pH value and salt concentration in
sample were 9.0 and 15%, respectively; extraction and desorption time














































View Article Onlineof 1-propanol, 1,4-butanediol and GO (1.0 mg mL1) (w/w) at
16%, 16% and 8%, respectively, (Table 1, EDMA/GO-8). The
poly(EDMA/GO)-SCSE showed good cake to cake reproducibility.
The RSD (n ¼ 4) of enrichment factors for A, p-MA, o-NA, o-CA
and 3,4-DCA were 4.26%, 4.98%, 3.68%, 4.55% and 3.98%,
respectively.
Fig. 1A shows the black GO incorporated monolith aer
methanol washing in comparison with the white cake of the
polymer of EDMA without incorporation of GO (12 mm in
diameter). The TEM image of GO incorporated monolith obvi-
ously shows the presence of GO sheets in the monolith (Fig. 1B).
Fig. 1C shows the SEM image of the poly(EDMA/GO) monolith.
The polymer matrix with the incorporation of GO sheets
exhibited a porous and uniform structure. The FT-IR spectra of
the prepared GO material reveals the characteristic band of C]
C at 1633 cm1 (Fig. S2†). The band around 1734 cm1 corre-
sponds to C]O stretching vibrations from carboxylic groups.
The bands around 1271 cm1 and 1065 cm1 are attributed to
C–OH stretching vibrations and C–O stretching vibrations,
respectively. The FT-IR spectra provide the evidence of the
presence of different types of oxygen functionalities on the GOThis journal is © The Royal Society of Chemistry 2014material. At the same time, it can be found from the FT-IR spectra
of the GO, the poly(EDMA), and poly(EDMA/GO) monoliths that
there is no new absorption peaks and signicant peak shis.
Therefore, GO was incorporated via physical adsorption rather
than covalent bonding. In addition, the poly(EDMA) and poly-
(EDMA/GO) were further characterized by EA. For poly(EDMA/
GO), the C and H content was 58.9% and 6.92%, respectively.
For poly(EDMA) the corresponding values were 56.8% and 7.89%
(w/w), respectively. The carbon content in poly(EDMA/GO) is
higher than in pure poly(EDMA) which indicates that GO sheets
were incorporated into the monolith during polymerization.
3.2. Optimization of poly(EDMA/GO)-SCSE for AAs
In order to achieve the best extraction efficiency of the new
poly(EDMA/GO)-SCSE for strongly polar AAs, several main
extraction parameters, including desorption solvents, pH values
and ionic strength in sample matrix, extraction and desorption
time, were investigated in detail.
3.2.1. The effect of desorption solvent. During the prelim-
inary experiment, we found that addition of water in desorption
solvent could favor the desorption of analytes from sorbent. In
this study, methanol/water binary solvent was selected as
desorption solvent. The content of water in the desorption
solvent varied from 0% to 25% (v/v). Fig. 2 shows that the
extraction efficiencies reach a maximum for all studied AAs
when water content is 10%. Therefore, methanol/water (v/v ¼
90/10) was chosen as the desorption solvent.
3.2.2. The effect of pH value. Aromatic amines are strongly
polar compounds, their molecular forms depend on the pH
values. At the same time, the pH values will also affect the
dissociation of carboxylic acid in the sorbent. Therefore, the pH
value in sample can inuence the extraction efficiency ofAnal. Methods, 2014, 6, 1510–1516 | 1513








(RSD, %; n ¼ 3)
Inter-assayc variability
(RSD, %; n ¼ 4)
A 1.0–200.0 0.9985 0.18 0.60 48.1 2.06 2.25
p-MA 0.5–200.0 0.9955 0.09 0.31 56.2 2.41 2.51
o-NA 1.0–200.0 0.9933 0.19 0.61 63.2 1.52 2.54
o-CA 0.2–200.0 0.9925 0.05 0.17 74.6 1.94 2.40
3,4-DCA 0.2–200.0 0.9953 0.04 0.13 89.2 2.20 2.82
a S/N ¼ 3. b S/N ¼ 10. c Assays at 100 mg L1 level.
Fig. 6 HPLC chromatograms of real water samples from lake water.
(a) Treated with poly(EDMA/GO)-SCSE, (b) spiked sample with each AA
at 50.0 mg L1 and treated with poly(EDMA/GO)-SCSE. The conditions














































View Article Onlinepoly(EDMA/GO)-SCSE for AAs. The changed trends of the
extraction performance of poly(EDMA/GO)-SCSE for AAs in the
pH values varied from 2 to 11 are shown in Fig. 3. The results
show that the extraction efficiencies improved signicantly
with the increase of pH values from 2.0 to 6.0 and the extrac-
tion performance trend to stability with pH values increased
from 6.0 to 9.0. However, the extraction efficiencies decreased
when pH values increased continuously. The changed trends
may be explained as follows: at low values, the AAs were ionic
form because of the protonation of nitrogen atoms, therefore,
only p–p interaction between sorbent and AAs contributed to
the extraction. With the increase of pH values, the hydro-
phobic interaction increased because de-protonized proce-
dure happened on nitrogen atoms. At the same time, the
carboxylic acid in the sorbent became dissociated, thus,
hydrogen-bonding and dipole–dipole interactions between
carboxylic groups in extraction phase and nitrogen atoms in
AAs also contributed to the extraction. Therefore, higher
extraction performance could be obtained with the increase of
pH values. However, when the pH values increased continu-
ously, the favorable hydrogen-bonding and dipole–dipole
interactions were weakened by overmuch hydroxyl groups in
solution, leading to the decrease of extraction efficiency. TheTable 3 Comparison of the limits of detection (mg L1) of our method w
Methods o-NA A
On-line microdialysis-HPLC/UV / 10






Derivatization and GC/MS / 0.025
SPME-GC/MS / /
SPME-GC/FID 0.69 /
In-tube SPME-GC/FID / /




a LLLME: liquid–liquid–liquid microextraction; HFME: hollow ber micro
membrane liquid–liquid extraction.
1514 | Anal. Methods, 2014, 6, 1510–1516results well demonstrate that hydrophobic, p–p, hydrogen-
bonding and dipole–dipole interactions co-contribute to the
extraction of poly(EDMA/GO)-SCSE for polar AAs. From theith other methodsa
p-MA o-CA 3,4-DCA Ref.
/ 10 / 20
/ 0.13 / 25
/ / / 26
/ / / 27
/ 0.09 0.15 28
/ 0.5 0.5 29
/ 0.49 / 30
0.016 0.03 / 21
/ / 0.003 22
/ 0.02 0.019 23
/ 0.28 24
0.14 / / 31
0.09 0.05 0.04 Present method
extraction; LPME: liquid phase microextraction; MMLLE: microporous
This journal is © The Royal Society of Chemistry 2014
Table 4 Results of determination and recoveries of real water samples spiked with five AAs
Samples Spiked (mg L1)
Detected (mg L1)/recovery (%, RSD ¼ 3)
A p-MA o-NA o-CA 3,4-DCA
Tap water 0 NDa ND ND ND ND
5 4.49 89.9 (8.2) 4.82 96.4 (8.5) 4.40 88.0 (7.8) 4.56 91.2 (7.6) 4.74 94.9 (5.5)
50 43.1 86.1 (3.5) 48.6 97.2 (2.4) 46.2 92.5 (2.3) 45.6 91.3 (1.6) 44.3 88.6 (2.1)
Lake water 0 ND ND ND 0.13 0.16
5 4.43 88.6 (8.6) 5.05 101 (9.3) 4.57 91.4 (4.4) 4.61 89.5 (2.3) 5.12 99.3 (1.8)
50 43.3 86.6 (8.1) 50.0 100 (9.6) 47.1 94.2 (4.6) 48.8 97.3 (5.0) 46.5 92.7 (4.7)
River water 0 ND ND ND 0.74 0.98
5 4.39 87.8 (8.5) 3.71 74.2 (9.5) 4.58 91.7 (8.7) 4.94 83.9 (4.8) 5.00 80.3 (1.9)
50 45.5 91.1 (6.0) 38.4 76.7 (7.4) 52.5 105 (3.7) 46.2 90.9 (3.2) 44.4 86.8 (4.0)














































View Article Onlineexperimental results, setting the pH value of matrix at 9.0 was
recommended for the extraction of AAs in water matrix with
the poly(EDMA/GO)-SCSE.
3.2.3. The effect of ionic strength. According to our
previous studies,16,17 addition of suitable salt to increase the
ionic strength of sample solution can favor the extraction for
polar compounds. The effect of ionic strength in the matrix was
investigated by addition of NaCl from 0 to 25% (w/v) (Fig. 4).
Results demonstrated that for the AAs, the extraction efficiency
increased to a maximum when NaCl concentration increased to
15%, then decreased with further increasing of NaCl concen-
tration. This changed trend is the result of the salting out effect
and the electrostatic interaction between polar molecules and
salt ions in sample solution.20 Therefore, 15% NaCl (w/v) was
adopted as the nal addition in the following studies.
3.2.4. The effect of extraction and desorption time. Fig. S3
and S4† show the effect of extraction and desorption time on
extraction performance. The sharp slopes of the proles (espe-
cially, for 3,4-DCA and o-CA) in Fig. S3† indicate that the new
sorbent possessed expected extraction capacity to polar AAs.
The extraction equilibrium was not achieved even when the
extraction time was prolonged to 3.0 h. Balancing the sensitivity
and the time consumed, extraction time of 2.0 h was selected for
further studies. The investigation of desorption time showed
that the AAs could be eluted from the sorbent completely in
1.0 h when the extraction time was 2.0 h (Fig. S4†). Conse-
quently, 2.0 h and 1.0 h were adopted for extraction and
desorption procedure, respectively, in the following research.
On the basis of the above discussion, the optimal conditions
for poly(EDMA/GO)-SCSE are concluded as follows: using
methanol/water (v/v ¼ 90/10) binary solution as desorption
solvent; the pH value and salt concentration in samples were 9.0
and 15%, respectively; extraction and desorption time were
2.0 h and 1.0 h, respectively.3.3. Comparison with neat polymer
Under optimal conditions, both the poly(EDMA/GO)-SCSE and
neat poly(EDMA)-SCSE were applied to extract ve AAs from a
spiked water sample. A typical chromatogram aer enrichment
by poly(EDMA/GO)-SCSE is shown in Fig. 5c. Compared withThis journal is © The Royal Society of Chemistry 2014direct injection (Fig. 5a), the peak heights obtained for the ve
AAs obviously increase aer enrichment. The poly(EDMA)-SCSE
also shows some extractive capability for AAs (Fig. 5b), but the
enriched results are lower than that achieved with poly(EDMA/
GO)-SCSE. The peak area ratios of the extracted AAs with
poly(EDMA/GO)-SCSE compared to those with poly(EDMA)-
SCSE were in the range from 1.12 to 1.63 for AAs. Obviously,
the GO nanosheets incorporated into the monolith play a
key role in the extraction of AAs. At the same time, the new
sorbent showed good longevity, no cracking of the poly(EDMA/
GO) monolith was observed during stirring. It could be reused
for more than 1000 h.3.4. Validation of poly(EDMA/GO)-SCSE -HPLC/DAD for
polar AAs
The Milli-Q water spiked with AAs was taken for evaluating the
proposedmethod. The data of linear dynamic range, correlation
coefficients, LODs, LOQs, extraction efficiencies and method
reproducibility for target analytes under the optimized experi-
mental conditions are listed in Table 2. The data show that the
linear dynamic ranges are 1.0–200.0 mg L1 for A and o-NA, 0.5–
200.0 mg L1 for p-MA, 0.2–200.0 mg L1 for o-CA and 3,4-DCA.
All linear dynamic ranges possess good linearity (R2 > 0.99),
showing a high degree of correlation between concentration
and peak area ratios. The LODs (S/N ¼ 3) and LOQs (S/N ¼ 10)
are in the range of 0.04–0.19 and 0.13–0.61 mg L1, respectively.
The extraction efficiencies are in the range of 48.1–89.2%. At the
same time, the precision of the method was investigated by
determining intra- and inter-day relative standard deviations
(RSDs) of the analyses. It can be seen from the data in Table 2,
that intra- and inter-day RSDs of AAs were less than 4.0% and
3.0%, respectively. The good precision and high sensitivity of
the method of poly(EDMA/GO)-SCSE-HPLC/DAD indicates that
the method can be used to determine the trace AAs in water
matrix effectively.
Table 3 summarizes the LODs of AAs determined by other
methods. As illustrated in Table 3, determination of AAs by
using mass spectrometry (MS) detection21,22 and ame ioniza-
tion detection (FID)23,24 was more sensitive than that using UV














































View Article Onlinethe proposed method exhibited a greater sensitivity than SPME-
GC/FID23 and in-tube SPME-GC/FIDmethods,24 respectively. For
o-NA, better LOD was achieved in LPME-HPLC/UV because a
two-step extraction procedure was used in this method.29
However, for other four AAs, the LODs obtained in the present
study were lower than other methods with the same kind of
detector.3.5. Application to real sample
Under the optimized conditions, the developed method was
applied to the analysis of trace AAs in real water samples
including tap, lake and river water samples. Low concentration
of o-CA and 3,4-DCA were detected in lake water and river water
(Table 4). In order to validate the feasibility of the proposed
method, extraction recoveries were assessed by spiking real
samples with trace mixed standard solutions (5 and 50 mg L1,
respectively). The typical chromatograms of un-spiked and the
spiked water samples by the present method are shown in
Fig. 6. Acceptable recoveries and reproducibility were obtained,
the recoveries varied from 74.2% to 105% and the RSD for
reproducibility was less than 10% for the target analytes in all
samples (Table 4), demonstrating good method feasibility.4. Concluding remarks
In this work, a new stir cake sorptive extraction based on
poly(ethylene glycol dimethacrylate/graphene oxide) monolith
as sorbent was prepared. The new poly(EDMA/GO) sorbent
showed high extraction efficiencies for strongly polar aromatic
amines due to the excellent p–p electrostatic stacking property,
high surface specic area and abundant polar groups of GO.
Under optimal conditions, a method based on the combination
of poly(EDMA/GO)-SCSE and HPLC/DAD was applied to deter-
minate trace AAs in the environmental water samples success-
fully. In comparison with the existing extraction methods for
aromatic amines determination, the proposed method is
simple, sensitive, cost-effective and stable. At the same time, the
present study also extends the application range of graphene
oxide nanosheets in sample preparation.Acknowledgements
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